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(a) MfB^WiS^-^^ ' ~>X^A£ffl^ 

(b) IWBK««»'i'pt-^Vf • $/X^A%fflV> 
T, MfatWfl'WX • S/— {rvxfc'f v-y-zn 

(d) ^og«nfe-3i©««»««fli^5flaft« 
rat** 23 Mfa^-^vy-^ • /wx • ->-^>x 
nr. 

f £RFSjjeM;I/X£fg£U 
(n) JH6-r5XVf^©B9E«ffl£tocffiffi^7h^ 

(-) mm^-m^mm^w. (350) ^snt^ 
§»** 1 k«k©^So 

[»** 3 ] Mi33Sfix>3- _Ktt»4aEtt, m 1 * 

ttSMfBmSxy'n- FS8§£jE«IE©!ff 1 > h 

+Mttu #^©M©^-^-f y— ^ • '^X • 's—'r 

^'X©5 •6flfi^TK:i3tt*WIE»Sx>'3— K0&§4jGtt 
M©g§ 1 * > b -M^TT 31f** 2 fC|3is©7j 

[if** 4 ] Mia^-^v y-* • / vi/x • ^—y>x 

y-^«^*^iE«©W«««^-^V 
[lf**5] afflESKSlftW^tf-r y-*M**:7- 
2 0©^ ftrcWM%W%i- «7V £ ffl 
KH3«©7??So 

rat** 6] luE^^n/c^^wA^^v y-* 

^©BlfifcJWtt^SXgfc, ME«l*#©ffiB©4£ffl 



Xgfcfc-g-A/^SfS** 5 tciBigo^rSo 

rat** 7] HufBM^tiAra-efeo. wiBs^^n 

fc*3fil±WIBAM©^i*:©«IBI^X«^%iS-efe 5 ft* 
3S6iClB«©^o 
Cira&Jt8 3 iufBXg (a) lcfev«T9l»Snsi8IB 

tiTfeO, husBXS (d) fcfe^TH«iasn«IWBK 

rat** 9] tusBxm (c) ic^f?>mm-m(omm 
z&mm ^©wia^stt. <fc d ±-f%Mm.T 

-7^77^ J-£$^£-£3ii**8 fc»R©£ftto 
[«** 1 0 ] MiE^V f-* • 'W* • v 
Xl4M*jaUT*ff*n, ^©MlcfeltSafflB-f "Sf-r 
ff— 5 • /^;bX • is— ^r>'X©M©^MHRIti> ^#>B 

iRSfttvsMA t tcs^snri^it** 1 tcia^© 
[it** 1 1 ] tmettttttott&a. ^ v<t ?- * • 

{b^WIB^feS^nTV^^ffiA t T?«*KLfe*>©k:«J: 

Dffi^n^itsR^i otitosffi. 
[»*3S 12] (omm&m-r 

©ffig©its*^-r 5 «t -5 fcs MfB»ttt « nrc§ts^ 

So 

[»** 1 3 ] IWBWKMttiAllin?* 0 > MIBa^$ 
1 2 fclBK©73"So 

imMmi 4] MiBxg (a) fcfe(/^TBj»snsw 
mwmMnmmmt . wsb abb ©m^©^ik*> 6 ^ 

«tiT43t). Mf3X@ (d) K$5^Tmmf8.l£fi%mm 

mn&mmmtimtMitmfr-rmim 1 3 tiam©^ 

[»**1 5] MtBXS (c) fcfcW-3tfrtB-»©& 

im^Ml 6] MfBIS (c) tt, M13^{*©tulB 

1/^5 It** 1 1 tci3tt©75-ffio 
[»**! 7] ffilBXS (c) BulBM^ft© 

ea*^i6«^.n-cv^ffi«(DffiH©^a5tcfiffi lt 

#A,T-V^lf** I 6 KIB«©73?S 0 
mM l 8 ] SaSBSttflcttAlfflT?* *> s MIBfirBR 
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at*m 1 9 ] mm%nmmm&>i>mzmt>?m& 

m l 8 KBtRwSJfc. 

bussh 2 o ] wfa^M^w^ «y w * s 

WEES (c) icfc^TWE— *©SBK*W» 
^^Mt-SlS^^A^^&ff^fll 1 Ic|B*<©7j 

So 
7j So 

. Co o o l ] 

[0 0 0 2] Aft3tB«©«t3a:*llt35^-«SoaW (5Mi 
y 3FiHKlSiI*^Tia(E-f*t>-6 r«»j LT> Ef*©^ 

cooo3] z:nB©fi#*fflv-»TiB«*^ja-r*i:* 

ICS. (G x , G y . G 2 ) ffffiV^nSo A 

fflwstefSCT cine. ©4jE*n*HW * * 3 8© 
pjjtiM * >wc ^ T^s^n^ o nmr §n«^©# 
Bti/cfittf^ s?*;Wbsn«H!3n-t\ ©mn© 

[0004] *mmz. rxe> • 7-7j £ uf uf 
mfft% m%KD7- u (ft) Wtm^teo-mz 

fcUSBbTS&BSftSo • V-7Sa. Physics 

in Medicine and BiologyK, f 2 5t, S7 5 H'S 
7 5 61 (1 9 8 0¥) ©W.A. Edelstein*tC &2>m>t 

ffl (Spin-Warp NMR Imaging and Applications to Huma 
n Hole-Body Imaging) J tC&^T^ftSfl.Tl^So C 



fevTffiiBit?ii*(ftfflxiy3-K-rso mtf* 2^7c 

OMMimm (2 D F T) T?&, ffilBflBRUu 1 ^>©?J 
lftt»oTffifflxV3-K43E (G y ) Srjlffl-T&ili: 
KAOBDSriRlt^Txya— K*tu &^T\ ffiffix 

(g x ) o^T-efi^^tt^^^o Wf+icfrfirt - 
38^mU3lBJi, X^cDESrf 573foT-©SFS1f$6% 
iyn- F LTV^5„ ftSlftft 2 D F T/S;l/X • ->-^ 

^[i-i© re a— J tC&^Tifii (A G y ) StU (1 

[0005] mvmim<om^<ois^mm3^7jMmm 
©«i&#wicfc ft . si^nsBt**-^ a y • 

— is a y - 7— h*«^***XttHlt*'*"* 

If, «H) > 3Htt<D»»*W**-*S^rffi (M*.tf* # 
B#fiF^4, 6 6 3, 5 9 1§) , RtfflJtfiSttfc-r— 

S=^5, 2 0 0, 7 0 0#) MJ6TW<M. W 

y F7(acquistion windovOj (DF^^O^tTa— 

f S «fc 5 7 s - ^ h WfP-T 5 fe©T* 

[0006] Wk<omkv- hxmz. *#©"«9Ma*tt 

ft] UTUf TO^©^i6K^* nTV^gf553-^*5>/^TM R 

H#frm4, 9 9 4, 4 7 3§) %SfflLT^I.o f- 
bfl^^^nTV^PIDfi, MR I S/Xr-i^&JJfJE 

7b^Ilcft<ft^ 0 
[0 0 0 7] idKW^U ^t#WH t ^ fc o T N M R t ■- 

a) s nrfe •? «tt#©teK*»J^f* <fc 5 tcisth? n 
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TV>5-f'7y y— # (navigator) ^;VX • ~>-!ryX^ 

• • :X-y ^Xtf^SfffFfg 5,3 6 3, 8 4 4 

^tM^^nTV^So C<Dfeg1f?g«. Magn. Reson. i 
n Med.R, fg3 2#. ^6 3 9H-H6 4 51 (1 9 9 
4¥) OT. S. Sachs*HC<fc3 Pf^V y-£S:ffl^fc 
X;U7;l/SMR I &C^t3HB#P ( S»*rf£fcH (Real-Tim 
e Motion Detection in Spiral HRI Using Navigator 

s) j icmmznr^zz?^ m^T^r^mm.T- 

SCttfT^So Maan. Reson. in Med.teL H3 

SI 4 5 21 (1 9 9 7« <DM. V. M 

cConnel He £ 3 r«.ft V ^MR S«KM7 > ^ 
=yy^<Dfc £><D9tff mmfcMi- "?-f f— ZWE (Prospe 
ctively Adaptive Navigator Correction for Breath-h 
old MR Coronary Angiography) J £!E*4£nT^3<£ 
5tC. • xn-M^eoffiB'lf^Mf 

tT*S5„ £>5W3\ Proc. International Society of 
Magnetic Resonance in Medicine^ SI 7 4 8H (1 
9 9 5¥) <DM. E. Brummer^tJ:^ rt^-ff-^ • 
13- %m V^fcSttKMM R A -?<DWmc <fc 3 a 
> • T—f-^y b tDi&Mit (Reduction Of Respira 
tory Motion Artifacts in Coronary MRA Using Naviga 
tor Echoes) J IcWM^tiXh^^ v K, 

[0 0 0 8] £ 03£¥t«> figf &fr-S«1£&©^{4 

77? b*£.Um%Z.£tf$£&'£riT^% a Magn. Reso 
n. In Med.K, S3 3#, i§5 4 1H-S5 4 81 (1 
9 9 5^) ©Y. Wangle £3 r 3 ^XfcMViWlMM R Jfi 
I^CfcttSnPBSfc <t5#y (Respiratory Blur in 3D C 
oronary MR Imaging) J &Cfe*s£ftT<^3 <£ 5 fc, jH# 

tfs UMl&l£n2>WmcT--r-*7Tt'b*3iirZ>^m 

[0 0 0 9] NMRA;VX • y ^X^rfflV^fcXt? > 

tl> Rtmj»*nfcNMR-7*-*3b>6©J»SH«©S« 
figtt, 1 9 8 8^6^2 1 Bfc#^tlfc*H#fFSR 
6 3 2, 7 0 1-f raftX- h^77-f £fr& 3 N 
MRX^tt (NMR Scanner With Motion Zeugmatograp 
hy) J tUSSnT^S. aaEOJWStts NMR/WX 

a . m Rflt^cteffirtKiSftliBi^* ft 



[0 0 10] 

[ooi i] *»ho- o<Diff)isisfi0!i-eti> t^vy 
5 0 c©Mjgx>n— F^nfc^-^vy— 5 If 

2 ftf=Wf!©3£Jg (magnitude) 

[0012] *siofe3-' oo»jinfig0!i7?a, 

t) itsfjns. &*©itf#2nfcy<?vy-2 • 

©£ffi©*i«i:fc»K aKUfc^«y^y— ^ • xn— no 
±(Dffl<Dmm (a t) ici5tt?>Wik&<Dm&&, m.ft<D 
mt^mrsm (At) -eBsauLfefeo^BjHtj-rsii 

t^7?*5o 
[0 0 13] 

Xnfc$f* LV^MR i ^xyAo^s^^s*^^ 

;H0 2 t*^§5 1 0 4 t^-cV^SMnW- 
;W o ofccfcoTWIIPSnSo aw— oott'jy 
^ l l 6^fi-LT3to£Lfcn:ytra.-2 • -^Xfil 0 
7i:3l*SLTfeO. nytfa.— ^ • J/XfAl 0 7t<fc 
0, HkfNltt^^y— >i o 4±V(omi^(DJBf^RZf^ 

OTb^o^^o.— ;i/*-S - A/T*v»*o cn5o ; e> ? 3L— ;Wc 
iB^^n-tr-y-y- • t^a-;l/ 106t CP Ut->" 
zt— ;l/l 0 8 fc, mWr-Z • 7W (SH^iJ) *1H«T 

^i-^l 1 3i:^Snt^§ 0 nyfa-^t • v-x 
1 0 7 it, ®^y'-£&tf:/py^I^i2'»-r3fc 

i6©yvx^iatts«i i iRtff-7- F^-r^i i 

5%/l-LTSlJ{l(D^X-rAilJfflgi5 1 2 2 fcjMfcLTV 

§o 

[0 0 14] i/X-rAMWa5l 2 2B, A'^7U-> 
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V»5 0 Ctl60t^i-*Ett< CPU^a-ZH 1 

9 t^;W5ffi8«i?a-;H 2 l kjWSnT*5, 

^;l/Xfg£§g^i--;b 1 2 1 145"; T)V> 1 2 

5 3fe^"LTHkfNi3^y— ;n o o teHBR*nTv»*. 

U 1 2 5 ^LT, i/Xfi.*W* 1 2 2 tt*EfrS 
[0 0 1 5] /^X58*«*^a-;H 2 1 14, '>Xf 

fxS-SSo /<;l/X58£»es*x-;l/ 1 2 114, 584«n 

7 s - ^8J» -7 -f > K 9 O * •i' 5 > ?W ft £ * Jfia*f * 
7 s — **£j5ST«o >WXSB£«*S>a— >H 2 114— 

— o« E C G Od*0) fl^fe 0, E C Gfi^teftiJifl 
fgl 2 9lC<toTSQ.a^nT, /Vl/X^gg^r-^i-;!/ 

1 2 1 fflOiD* h y /w^ssstWE 
tea*** -tr ^-y-^&a^sun*^^ ~7 *■■< 

[USS 1 3 3*^LT, liSiftfei'Xfi 134feS 
^S^8?*o 

[0 0 16] /VW^i^^a-^l 2 1 tJCoTSI 

£«*i**Jia»£tt. G x tB*I§§tG y G z iff 

«SfcT*ii2SnTV^«43E**»^'X-rA 1 2 7 IC01 
iJD$n* 0 ^ftWCflS^l 3 

13 9H #8fflfl£5 1 4 0 t^MMR F n-T;V l 5 2 
i:^#A,-ev^^5T-b> / 7"y 1 4 lO- gl^flMUT 
V^S„ S/X-5rA*J»aP 1 2 2rt<D^S{iil ; E> > 'i-;H 
5 0*V<;VX:fc3fc£U cn?><D^;VXfi R F±Mi>M§§ 1 

5 iK&^xmm-znr, mm/sm (t/r) x^y 

f 1 54tcJ;t)TRF3^;H5 2lcg^nSo 

j£{f /§{f X-Y 7f 1 5 4 %^LTBuBti*Iil 1 5 3 K. 
m&Zft&Zo ii«SftfcNMR«#W\ SlSfi^l 5 

*5>*/Wfc*n*. atil/SSX^-y^l 5 414, /.<;U 

X^t^a-jH 2 1 fr6>©«#K:<fcoT{WW£ft 
t, FWtttR FtlilSil 1 5 1 %n-T/b 15 2 

&c«Wmcg£!U Sfi*- micttttWIMHS 1 5 3 



[0 0 17] RF3^f;H 5 2t,fcoT^nfcNM 
Rff(t R Fl¥(KiaotT^Ift ' 3 

sn> ai£«» ; e5?3.-/n sot 

iotf-f^ MtlEftZ* 7*4 V* ^fcSnfc N M R 
ffl»tt'>*-r 1 2 2 rtcD^^eU • *5>a.-JM 
6 0«ti5o i«^7Ltk$HNMRf-^ 
©TWM^t'J ' t^a-'H 6 0rttC8tf#£*l 
f : F,, 7W • 7*D-b'ytl 6 l*W£Lt\ C©"r— 

■r-^ti, v"J7;l" U^l 1 5%j>U3>^ a - 

# . i/xfAi 0 7^msnx, cut 5 , f-rxy- 

1 1 iicia*snSo twayv-^i oofr 

• F^-r^i 1 2tffiittfe<t^u xsi#7 , n* 

•ylJ-1 0 6 t ioTEtfilbTlWIf 3 >V-;V 1 0 

fgl 5 0KO^tOEaSlMIKOV^H:, *HW«F3B 
4, 9 5 2. 8 7 7*t&tfRI£4. 9 9 2, 7 3 6f4 

[OO18101OMRI i/XxA«, — jS^'^X • 

^J-ftNMR-T^^^iraft-rSo 0 2£#MLTP»£*ii 
^^i:, M^S^vf^iyb • 'J3-;l/F • 
in- • /-W/X • iy—^yxi)\ G Z ©X77^E 

/Wx 3 o i o#«ET-e*fc{#ci$iraSft5 R Ffflfi/* 
;i/X3oo»^ mniztirzx?7t£mMk*&i& 

LTl^^o f5n5NMRi§3 0 3 %X^:7iKR£)E 
/WX3 0 llC.toTfe-rSffifflv'^htO^T^-r 
^i:«lCNMR«^3 0 3*z«fc»o;feii£fc:S*LT 
jKgfgTCdesensitize) S-£*fci6^ *H ! ttffF^4 > 
7 3 1, 5 8 3^fcft^3nTVS A^G Z £] 

0 4R0 ; cniC^V^TIE©G z £jE^;l/X3 
0 5#G Z SE3^;W:ioT%£Sn8, 43E^;UX 
3 0 4tt£S©ffi«*W.l/TfctK ztt^lRlti&ofcffi 
$iXV3— FtfeftftLTV^. ^/bX3 0 4Rff/W 

x3 o 5 z ttfc»^fcaa**MW"s*ft» anM&tf 
$fean«tt4a»n?a&So 

[0 0 19] NMR11^3 0 3 4fifxyn-Kt5ft 
fete, R F ig/Vl'T, 3 0 0 <DQl1}U<Dffimm<0'&fcW® 
x>3-FG y 43iB-'^X3 0 6 tfSffitttKfflimSft 

%st,t 5xu > y ttucie. ^-cffis^^-r * fc 

46tcG y fiffix^n-F • ;^XOl^i^.ff 2 5 6ffl 
TiliMo xWt^ofcte«t4, NMR77T-fl 
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NMRff 3 0 3*M$MLX.^Zi—\f?2>G x 
X3 0 7CioTfii^?n5c G y fifflX^ri-K 
£jSB^X 30 6i t) , G x St^tfJ L&lSH^/VX 
3 0 7(t NM Rf f (Ditiit'C-Sttiiaf oTV^ 
3 C ^rVx>h • xn-3 0 3%fS£-r£t«tCX 
3-3 0 3^x^[p]^ofc3SS^LT^afgT?-& 
5fci6t, *B#fFSg4, 7 3 1, 5 8 3^fcf^£ft 
TV^<}:5t£jSE^;l'X3 0 7&C?cfirbT£jie^;l'X3 
0 8&tf3 0 9tfWbQ-£tl2> 0 

[0 0 2 0] NMRf^3 0 3(i, ->Xf A§{fg§ 1 2 

x (.mtllf, 2 5 6) i©S«tA^«ffi:Ltf^ 
s^;Wt2?n3 0 (G y , G z ) fefflxyn-F^iBS© 

NMRif 3 0 3*^4^ 
iR»?n, -r^^^;Mb^nT, N x (M*&i\ 2 5 
6) ffl©^gScfr6^SgiJ{@OfT^bTiB«^ti§„ m 
oT> ^S©^TB#lc«, k3Sffl-r-£©3:#7C (N x 
xN y XN Z ) ©TW^I21S^nTfet}> cCt'NY 

« y rc{m^>^-v®m<D$L-e& D , N z 

fi z^t^ofdifflxvn- K®Pg©$n?&;g>„ CO 
k SP4x- * © 7 U'f fcflJ^T IukE© «t 9 £B« 

[0 0 2 1] S*gfcfcJu ffl©^<ONMRi«ffl^/V 
X • ir^X%fflV^#5d k\ M^lc 2 D F T^t#R 
3 D F T^#£DW^fc*^%3iffl U#3 C t teWZ 
m5 5. H2©JWJiffl/<;l/X • -ir^XW^ #f§ 

B^<D»$ bv^ffl-efc* 3^7tS«»irdl#tiifjg7?fe 

ffiRCf 3Sft ©Pf**SI)£t- § fc J6 KHWr- * 

.R0 : ^©1ffK££&Ofr©g;£575^T?;S^T > 

S/a>- 7-f Y 7 7 ^ f *i'>S^5 C t A^-f 5, 
[0 0 2 2] ^6SWT?tt, i%M<Di-Vj?- 

£ • /S/l>X • is— SrlsX^m^T^ &m<0>U&MfflK$5 

b^JSH (»3l^SS^JTi±G z ) 0#STt'NMRf§^ 
W#?nT. NMRf"?V^- £<!*§© N echo 
fcf» 2 5 6) fiOtfi'TVl/tfTW • Xn-fe-ytf- 1 6 1 
iaoT7- | JxfI?n5, 2^7C®^RF/^;l/X 
W\ W*fcf, 3 0 mmltgcOjaie-efeoT 9 0 0O7'J 
y X£ ffiOKSXti 7 y -y X£ TJ&ies 

Tfc<fcV\, Wfctf* ^HffffFfM, 8 12,76 O^fc 



LfcA^A (ztt) £?£ofc£W («Atf2 6 0mm) 

vxy y^ns„ H«*r-*©3[»©ttic. sjp^<t* 

h©SIPl^ffi«i:S2P«PiMfeBi:©P^©^fiL«. Hag 
n. Reson. Med.§£> I3 6i> II 1 231 

(1 9 9 6^) ©Y. Wang3?tC<}:£ $ • X 

n-fr S31»H$S^ttttrr37';l/:i y X2> (Algorithms 

for Extracting Motion Information From Navigator 
Echoes) j £!2i^nTV^J;5£ga$BM7;V=fyX 
AS.tfg/J^i^T/Vrfy Xi»*fl|VT«Ij£-r5 C i: 
!b^t5o f:fc. Thomas Kwok-Fah FooRlfKevin F. Ki 
ngtdJ: 0 1 9 9 7^1 1^2 60 fctfillSnfcSKHWfF 
MKSio 8/9 8 o, l 9 2#£HijS£nTV*«J:3* 
»ffl-y7h • T;VrfyXA%fflV^5Ci:tc<tt)«IRS 

[0 0 2 3] Z.<Dffl£<Di-y>C f f—Z ' *ft>7> • 5/—* 

5„ ECGfl^OQRSnvXU^XS 2 0tt^©R 
— REM (i/bMi+n) OSHS&^lg^UTfeOs 
© R- REBUKE 2 <D«fflM§><;l/X • i"-^yx*ffl 
^TNMRI«f-mW-yh3 2 2»f#2n 
5„ SHI^T-jaftlOia ^©-bWyf3 2 2 

[0 0 2 4] t^-f-^ • ^;vx • %/— y>xt±§[si 

oi#BW*£ 2 H-roiifT^nT. mmn 3 2 4t 

as-T «fc 5 ft*-*©*^ > h 3 2 2 ©5tf#©HtM#:tf# 
3 2 6 t^-T «t 3 ^^-^ ©-b ^~y< y V ©^t#©B 

^-e©*#©«P«M©f4»^aK-r « o nfe^- ^ - 

-("7 s — 3 2 4Rtf3 2 6 &M£|©<fc 5^LT£L3I 

?tiT» #^©R-REP5 i tfeV^T«PHffltffillD 
(i, 1) RtfD (i, 2) S^n^n^fiRTSo ^-^ 
■<7—?m*§W®3 2 4 t 3 2 6 t©P^©^P^raPBA t 
{iK^nTfet), d©{4gfif$BD (i j) aO'D (i, 
2) fr?>, #^©H#-fe^^>h3 2 2©^#*©«H 

[0 0 2 5] 

V (i) = [D (i, 2) -D (i, 1) ] /A t 

C C -£> D ( L , 1 ) U: R - R EISU ©#M## 3 2 4 

Ktev>TTOi*nfe«iHi{Mn?»o, d ci. 2) » 
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1. Title of Invention 

RESPIRATORY DISPLACEMENT AND VELOCITY 
MEASUREMENT USING NAVIGATOR MRI ECHO SIGNALS 

2. Claims 

1 . A method for producing an MR image of a subject with an MRI system, 
the steps comprising: 

a) performing a series of imaging pulse sequences with the MRI 
system to acquire a corresponding series of NMR signals; 

b) performing a series of navigator pulse sequences with the MRI 
system which are interleaved with the imaging pulse sequences and which 
produce NMR navigator signals indicative of subject position and subject 
velocity; 

c) altering the series of NMR signals using the subject position and 
subject velocity information in the navigator signals such that image artifacts 
caused by subject motion during the performance of step a) are reduced; and 



d) 
signals. 



reconstructing an MR image from the altered series of NMR 
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2. The method as recited in claim 1 in which the navigator pulse 
sequence is performed by the MRI system and includes: 

I) producing an rf excitation pulse which produces transverse 
magnetization in spins located in the subject; 

ii) producing a velocity encoding magnetic field gradient which imparts a 
phase shift in the transverse magnetization of moving spins; 

iii) producing a readout magnetic field gradient; and 

iv) acquiring the navigator signal as the readout magnetic field gradient 
(350) is produced. 
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3. The method as recited In claim 2 in which the velocity encoding 
magnetic field gradient is a bi-polar gradient having a first moment M and the 
navigator pulse sequences are performed in pairs, with one the velocity 
encoding magnetic field gradient in one of each pair of navigator pulse 
sequences having a positive first moment +M and the velocity encoding 
magnetic field gradient in the other of each pair of navigator pulse sequences 
having a negative first moment -M. 

4. The method as recited in claim 3 which includes: 

producing a net NMR navigator signal from the NMR navigator signals 
produced by each of said pairs of navigator pulse sequences. 

5. The method as recited in claim 4 which includes: 
Fourier transforming the NMR navigator signals: and 

calculating the phase difference between two transformed NMR navigator 
signals to provide the indication of subject velocity. 

6. The method as recited in claim 5 which includes: 

calculating the magnitude of the transformed NMR navigator signals: and 

detecting the location of a selected structure in the calculated magnitude 
NMR navigator signals to provide the indication of subject position. 

7. The method as recited in claim 6 in which the subject is a human and 
the selected structure is a diaphragm or a heart in the human subject. 

8. The method as recited in claim 7 in which the NMR signals acquired in 
step a) are from a heart in the human subject and the MR image 
reconstructed in step d) depicts the heart. 
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9. The method as recited in claim 8 in which the alteration of the series of 
NMR signals in step c) reduces image artifacts caused by respiratory motion. 

10. The method as recited in claim 1 in which the navigator pulse 
sequences are performed in pairs and the time interval between the navigator 
pulse sequences in each pair is set at a preselected value At. 

11. The method as recited in claim 10 in which the subject velocity is 
indicated by the change in subject position in each pair of navigator pulse 
sequences divided by the preselected value At. 

12. The method as recited in claim 1 1 which includes: 
Fourier transforming each NMR navigator signal; 

calculating the magnitude of each transformed NMR navigator signal; and 

detecting the location of a selected structure in the calculated magnitude 
NMR navigator signal to provide the indication of subject position. 

13. The method as recited in claim 12 in which the subject is a human and 
the selected structure is a diaphragm or a heart in the human subject. 

14. The method as recited in claim 13 in which the NMR signals acquired 
in step a) are from a heart in the human subject and the MR image 
reconstructed in step d) depicts the heart. 

15. The method as recited in claim 14 in which the alteration of the series 
of NMR signals in step c) reduces image artifacts caused by respiratory 
motion. 

16. The method as recited in claim 1 1 in which step c) includes: 

rejecting NMR signals acquired when the absolute value of the velocity of the 
subject exceeds a preselected value. 
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17. The method as recited in claim 16 in which step c) also includes: 

rejecting NMR signals acquired when the subject position is outside the 
preselected range of positions. 

18. The method as recited in claim 17 in which the subject is a human and 
the position and velocity are indicative of motion of a diaphragm or a heart. 

19. The method as recited in claim 18 in which the MR image depicts a 
heart. 

20. The method as recited in claim 1 which includes: 

calculating phase corrections from the NMR navigator signals; and 

altering the series of NMR signals in step c) by changing the phases of NMR 
signal with the corresponding calculated phase corrections. 

21. The method as recited in claim 20 in which the phases of NMR signals 
are changed by altering the phase of an NMR signal receiver prior to 
acquiring the NMR signals. 

22. The method as recited in claim 20 in which the phases of NMR signals 
are changed by shifting the phase of each NMR signal after it is acquired. 



(16) 



ttH 2001-204712 



3, Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The field of the invention is nuclear magnetic resonance imaging 
methods and systems. More particularly, the invention relates to the 
correction of MRI data acquired during patient motion. 

When a substance such as human tissue is subjected to a uniform 
magnetic field (polarizing field B 0 ), the individual magnetic moments of the 
spins in the tissue attempt to align with this polarizing field, but precess about 
it in random order at their characteristic Larmor frequency. If the substance, 
or tissue, is subjected to a time varying magnetic field (excitation field B t ) 
which is in the x-y plane and which is near the Larmor frequency, the net 
aligned moment M*. may be rotated, or "tipped 1 *, into the x-y plane to produce 
a net transverse magnetic moment M t . A signal is emitted by the excited 
spins which may be received and processed to form an image. 

When utilizing these signals to produce images, magnetic field 
gradients (G X1 G y and G z ) are employed. Typically, the region to be imaged is 
scanned by a sequence of measurement cycles in which these gradients vary 
according to the particular localization method being used. The resulting set 
of received NMR signals are digitized and processed to reconstruct the image 
using one of many well known reconstruction techniques. 

The present invention will be described in detail with reference to a 
variant of the well known Fourier transform (FT) imaging technique, which is 
frequently referred to as "spin-warp". The spin-warp technique is discussed in 
an article entitled "Spin-Warp NMR Imaging and Applications to Human 
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Whole-Body Imaging" by W.A. Edeistein et aL, Physics in Medicine and 
Biology, Vol. 25, pp. 751-756 (1980). It employs a variable amplitude phase 
encoding magnetic field gradient pulse prior to the acquisition of NMR signals 
to phase encode spatial information in the direction of this gradient. In a two- 
dimensional implementation (2DFT), for example, spatial information is 
encoded in one direction by applying a phase encoding gradient (G y ) along 
that direction, and then a signal is acquired in the presence of a readout 
magnetic field gradient (G x ) in a direction orthogonal to the phase encoding 
direction. The readout gradient present during the acquisition encodes 
spatial information in the orthogonal direction. In a typical 2DFT pulse 
sequence, the magnitude of the phase encoding gradient pulse G Y is 
incremented (AG y ) in the sequence of 'Views" that are acquired during the 
scan to produce a set of NMR data from which an entire image can be 
reconstructed. 

Most NMR scans currently used to produce high resolution 3D medical 
images, such as the image of coronary arteries, can require a few minutes to 
acquire the necessary data. Because of the long scan time, patient 
movement during the scan may be significant and can corrupt the 
reconstructed image with motion artifacts. There are also many types of 
patient motion such as respiratory motion, cardiac motion, blood flow, and 
peristalsis. There are many methods used to reduce or eliminate such motion 
artifacts including methods for reducing the motion (e.g. breath holding), 
methods for reducing the effects of motion (e.g. U.S. Pat No. 4,663,591 ), and 
methods for correcting the acquired data for known motion (e.g. U.S. Pat. No. 
5,200,700). In the case of respiratory motion, one of the best known methods 
for reducing motion artifacts is to gate the acquisition of data such that the 
views are acquired only during a preset portion, or "acquisition window" of the 
respiratory cycle. 
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Prior respiratory gating methods employ a means for sensing patient 
respiration (e.g. U.S. Pat No. 4,994,473) and producing a gating signal for 
the MRI system during a preset portion of the respiratory cycle. As long as 
the gating signal is produced, the MR[ system acquires NMR data in the 
prescribed view order. During other parts of the respiratory cycle the gating 
signal is turned off and no data is acquired. As a result, when respiratory 
gating is used the scan time is increased significantly because data can only 
be acquired over a relatively short portion of each respiratory cycle. 

Rather than acquire NMR data over a relatively short acquisition time, 
methods are known for acquiring NMR data during subject motion and 
correcting the data. Such methods often employ a navigator pulse sequence 
which is interleaved with the acquisition of NMR image data and which is 
designed to measure subject position. For example, a navigator pulse 
sequence is disclosed in U.S. Patent No. 5 t 363,844 for measuring the 
position of a patient's diaphragm throughout image data acquisition. This 
position information may be used as described by T.S. Sachs, et^L, "Real- 
Time Motion Detection in Spiral MRI Using Navigators' 1 , Maan. Reson. in 
Med. , 32:639-645 (1994) to reject image data acquired during portions of the 
respiratory or cardiac cycle which produce unacceptable image artifacts. The 
position information from a navigator echo signal may also be used 
prospectively as described by M.V. McConnell, ''Prospectively Adaptive 
Navigator Correction for Breath-hold MR Coronary Angiography* \ Maan. 
Reson. in Med. . 37:148-152 (1997) to adjust the reference phase of the MRI 
system receiver to correct the subsequently acquired NMR image data. Or, 
the navigator signal position information may be used to retroactively correct 
the phase of acquired k-space image data as described by M.E. Brummer, et 
al. f "Reduction Of Respiratory Motion Artifacts in Coronary MRA Using 
Navigator Echoes", Proc International Society of Magnetic Resonance in 
Medicine. 748 (1995). 
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More recently it has been discovered that the velocity component of 
subject motion can produce image artifacts in addition to the position, or 
subject displacement component. As described by Y. Wang, et al„ 
"Respiratory Blur in 3D Coronary MR Imaging", Maan. Reson. In Med,. 
33:541-548 (1995) both displacement of the heart and its velocity at the 
moment of image data acquisition can produce artifacts in the reconstructed 
image. 

The measurement of spin velocity using an NMR pulse sequence is 
well known in the art. The performance of such measurements and the 
reconstruction of velocity images from acquired NMR data is disclosed in U.S. 
Patent Re 32,701, issued on June 21, 1988 and entitled "NMR Scanner With 
Motion Zeugmatography'. The measurement of velocity includes the addition 
of a bi-polar velocity encoding magnetic field gradient to the NMR pulse 
sequence, and a recognition that the velocity information is contained in the 
phase of the acquired NMR signals. 

SUMMARY OF THE INVENTION 

The present invention relates to the acquisition and/or correction of 
NMR image data in the presence of patient motion, and particularly to the 
acquisition of navigator echo signal during a scan which enables both the 
displacement and velocity components of patient motion to be measured. 
The navigator echo signals are acquired periodically throughout the scan and 
the measured displacement and velocity components may be used to decide 
whether to accept or reject acquired NMR image data. The measured 
displacement and velocity components can also be used to prospectively or 
retrospectively correct motion artifacts in the acquired NMR image data. 

In one preferred embodiment of the invention the navigator echo 
signals are acquired using a navigator pulse sequence which includes a 
velocity encoding gradient. The phase difference of the one-dimensional 
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image reconstructed from this velocity encoded navigator signal is a measure 
of subject velocity and the magnitude of the reconstructed image is indicative 
of subject displacement. 

In another preferred embodiment of the invention navigator echo 
signals are acquired at known time intervals (At) during the scan. The one- 
dimensional magnitude images reconstructed from each acquired navigator 
echo signal is indicative of subject displacement, and the subject velocity 
during the interval (At) between successive navigator echoes may be 
calculated from the change in displacement divided by the time interval (At). 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring first to Fig. 1, there is shown the major components of 
apreferred MRI system which incorporates the present invention. The 
operation of the system is controlled from an operator console 100 which 
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includes a keyboard and control panel 102 and a display 104, The console 
100 communicates through a link 116 with a separate computer system 107 
that enables an operator to control the production and display of images on 
the screen 104. The computer system 107 includes a number of modules 
which communicate with each other through a backplane. These include an 
image processor module 106, a CPU module 108 and a memory module 113, 
known in the art as a frame buffer for storing image data arrays. The 
computer system 107 is linked to a disk storage 111 and a tape drive 1 12 for 
storage of image data and programs, and it communicates with a separate 
system control 122 through a high speed serial link 115. 

The system control 122 includes a set of modules connected together 
by a backplane 118. These include a CPU module 119 and a pulse 
generator module 121 which connects to the operator console 100 through a 
serial link 125. It is through this link 125 that the system control 122 receives 
commands from the operator which indicate the scan sequence that is to be 
performed. 

The pulse generator module 121 operates the system components to 
carry out the desired scan sequence. It produces data which indicates the 
timing, strength and shape of the RF pulses which are to be produced, and 
the timing of and length of the data acquisition window. The pulse generator 
module 121 connects to a set of gradient amplifiers 127, to indicate the timing 
and shape of the gradient pufses to be produced during the scan. The pulse 
generator module 121 also receives patient data from a physiological 
acquisition controller 129 that receives signals from sensors connected to the 
patient One such signal is an ECG signal which is processed by the 
controller 129 to produce a cardiac trigger signal for the pulse generator 
module 121. The pulse generator module 121 also connects to a scan room 
interface circuit 133 which receives signals from various sensors associated 
with the condition of the patient and the magnet system. It is also through the 
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scan room interface circuit 133 that a patient positioning system 134 receives 
commands to move the patient to the desired position for the scan. 

The gradient waveforms produced by the pulse generator module 121 
are applied to a gradient amplifier system 127 comprised of G x , G Y and G z 
amplifiers. Each gradient amplifier excites a corresponding gradient coil in an 
assembly generally designated 1 39 to produce the magnetic field gradients 
used for position encoding acquired signals. The gradient coil assembly 139 
forms part of a magnet assembly 141 which includes a polarizing magnet 140 
and a whole-body RF coil 152. A transceiver module 150 in the system 
control 122 produces pulses which are amplified by an RF amplifier 151 and 
coupled to the RIF coil 152 by a trans- mit/receive switch 154. The resulting 
signals radiated by the excited nuclei in the patient may be sensed by the 
same RF coil 152 and coupled through the transmit/receive switch 154 to a 
preamplifier 153, The amplified NMR signals are demodulated, filtered, and 
digitized in the receiver section of the transceiver 150. The transmit/receive 
switch 154 is controlled by a signal from the pulse generator module 121 to 
electrically connect the RF amplifier 151 to the coil 152 during the transmit 
mode and to connect the preamplifier 153 during the receive mode, The 
transmit/receive switch 154 also enables a separate RIF coil (for example, a 
head coil or surface coil) to be used in either the transmit or receive mode. 

The NMR signals picked up by the RF coil 152 are down converted by 
an RF reference signal and then digitized by the transceiver module 150, The 
digitized NMR signal is transferred to a memory module 160 in the system 
control 122. When the scan is completed and an entire array of k-space NMR 
data has been acquired in the memory module 160, an array processor 161 
operates to Fourier transform the data into an array of image data. This 
image data is conveyed through the serial link 115 to the computer system 
107 where it is stored in the disk memory 111. In response to commands 
received from the operator console 100, this image data may be archived on 
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the tape drive 1 12, or it may be further processed by the image processor 106 
and conveyed to the operator console 100 and presented on the display 104. 
For a more detailed description of the transceiver 150, reference is made to 
U.S. patent Nos. 4,952,877 and 4,992,736. 

The MRI system of Fig. 1 performs a series of pulse sequences to 
collect sufficient NMR data to reconstruct the desired image. Referring 
particularly to Fig. 2, an exemplary 3D gradient recalled echo pulse sequence 
employs an RF excitation pulse 300 which is applied to the subject in the 
presence of a G 2 , slab select gradient pulse 301 to produce transverse 
magnetization in a selected slab. To compensate the resulting NMR signal 
303 for the phase shifts caused by the slab select gradient pulse 301 and to 
desensitize the NMR signal 303 to velocity along the z- axis, a negative G 2 
gradient pulse 304 followed by a positive G z gradient pulse 305 are produced 
by the G z gradient coils as taught in U.S. Pat. No. 4.731 ,583. The gradient 
pulse 304 has multiple amplitudes and it also provides phase encoding along 
the z axis direction. While the pulses 304 and 305 compensate for velocity 
along the z-axis, more complex gradient waveforms are also well known to 
those skilled in the art for compensating acceleration and even higher orders 
of motion. 

To position encode the NMR signal 303 a phase encoding G Y gradient 
pulse 306 is applied to the subject shortly after the application of the RF 
excitation pulse 300. As is well known in the art, a complete scan is 
comprised of a series of these pulse sequences in which the value of the G y 
phase encoding pulse is stepped through a series of, for example, 256 
discrete phase encoding values to localize the position of the spins producing 
the NMR signal along the y-axis. Position along the x-axis is located by a G x 
gradient pulse 307 which is produced as the NMR gradient echo signal 303 
is acquired and which frequency encodes the NMR signal 303. Unlike the G v 
phase encoding gradient pulse 306, the G x readout gradient pulse 307 
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remains at a constant value during the acquisition of the NMR signal. To 
produce the gradient echo 303 and to desensitize it to velocity along the x 
direction, gradient pulses 308 and 309 precede the gradient pulse 307 as 
taught in U.S. Pat. No. 4,731,583. 

The NMR signal 303 is acquired by the system transceiver 122 and 
digitized into a row of N x (e.g. 256) complex numbers which are stored in 
memory. For each combination of the (Gy, G 2 ) phase encoding gradients an 
NMR signal 303 is produced, acquired, digitized and stored in a separate row 
of N x (e.g. 256) complex numbers. At the completion of the scan, therefore, a 
three-dimensional (N x x N Y x NJ array of k-space data is stored, where NY is 
the number of phase encoding steps along the y direction and N 2 fs the 
number of phase encoding steps along the z direction. This array of k-space 
data may be used to reconstruct an image as described above. 

It should be apparent to those skilled in the art that many other NMR 
imaging pulse sequences may be used and that the invention can be applied 
to both 2DFT and 3DFT acquisitions. The imaging pulse sequence of Fig. 2 
is preferred for 3D coronary artery imaging which is the preferred application 
of the present invention. As will now be described, navigator echo signals are 
also acquired during the image data acquisition to measure both the 
displacement and the velocity of subject motion during the scan. This 
displacement and velocity information may be employed in a number of 
different ways to reduce the motion artifacts in the image reconstructed from 
the acquired k-space image data set. 

In one embodiment of the invention a conventional navigator pulse 
sequence is used to measure the location of the patient's diaphragm during 
each cardiac cycle. This navigator pulse sequence excites a column of spins 
located at the right side of the abdomen, and transecting the diaphragm near 
the dome of the liver using a two-dimensional rf excitation pulse. An NMR 
signal is acquired in the presence of a readout gradient (G 2 in the preferred 
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embodiment) directed along the lengthwise dimension of the excited column, 
and (e.g. 256) samples of the NMR navigator signal are Fourier 
transformed by the array processor 161. The two- dimensional excitation rf 
pulse is, for example, a 30 mm diameter excitation which produces a 900 flip 
angle, although other diameters or flip angles may also be excited. As 
described, for example, in U.S. patent No. 4,812,760, such two-dimensional rf 
pulses are produced in the presence of two gradient fields (G x and G Y in the 
preferred embodiment) and the receiver low pass filter is set for a field of view 
(e.g. 260mm) along the excited column (z axis). The NMR signal is sampled 
at N^o points during a period of, for example, 4 msec, sample period. A 
reference navigator echo is acquired prior to the acquisition of image data. 
The reference navigator echo is usually acquired at the end of expiration 
because the respiratory motion is more stable and reproducible at this 
position. The displacement between the current diaphragm position and the 
reference diaphragm position can be measured using the auto-correlation and 
least mean-squares algorithms as described by Y. Wang et al, "Algorithms for 
Extracting Motion Information From Navigator Echoes", Magn. Reson. Med., 
36:117-123, 1996. The diaphragm position can also be measured by using 
the linear phase shift algorithmdisclosed in U.S. Pat. Appin. No. 08/980,192 
filed November 26, 1997 by Thomas Kwok-Fah Foo and Kevin F. King. 

This conventional navigator pulse sequence is used in a cardiac gated 
scan as depicted in Fig. 3. The QRS complex 320 of the ECG signal 
indicates the start of each R-R interval (i through i+n), during which segments 
322 of NMR image data are acquired using the imaging pulse sequence of 
Fig. 2. As is well known in the art, each segment 322 samples a plurality of 
lines in k-space from one or more slabs through the patient's heart and the 
acquisitions continue until enough image data has been acquired to 
reconstruct one or more images. 
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The navigator pulse sequence is performed twice during each cardiac 
cycle to measure the location of the patient's diaphragm just prior to each 
segment 322 acquisition as indicated at 324 and Just after each segment 
acquisition as indicated at 326. The acquired navigator signals 324 and 326 
are processed as described above to produce respective diaphragm positions 
D(U) and D(i,2) during each R-R interval i. The time interval At between the 
navigator signal acquisitions 324 and 326 is known, and from this the position 
information D(ij) and D(i,2) , the diaphragm velocity during the acquisition of 
each image segment 322 may be calculated: 

V<i)*[D(i,2hD(iJ)l/ At. 

where D(i,1)is the diaphragm position acquired at 324 and D(i,2) is the 
diaphragm position acquired at 326 during the R-R interval i. As alternatives, 
navigator signals 324 and 326 can be acquired both prior to each segment 
322 acquisition, or both after each segment 322 acquisition. 

In another embodiment of the invention a unique navigator pulse 
sequence is employed which directly measures both diaphragm position and 
velocity. This preferred navigator pulse sequence is depicted in Fig. 4 t and is 
distinguished from the conventional navigator pulse sequence described 
above by the addition of a bi-polar, velocity encoding gradient 340 applied 
along the readout gradient axis (e.g. G*)» This velocity encoding gradient 340 
is applied after the transverse magnetization of the column of spins produced 
by the two-dimensional rf excitation pulse 342 in the presence of two 
orthogonal gradients 344 and 346. A similar pulse sequence has been used 
for M-mode flow velocity measurements as described by C. J. Hardy, et aL 
"A One-Dimensional Velocity Technique for NMR Measurement of Aortic 
Distensibility", Magn. Reson. Med. . 31:5 13-520 (1994). The velocity 
encoding gradient 340 imposes a phase shift on this transverse 
magnetization which is proportional to the velocity of spin motion along the 
readout direction. This phase information is captured when a navigator NMR 
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echo signal 348 is subsequently acquired in the presence of a readout 
gradient 350 that frequency encodes the acquired signal as a function of spin 
location along the readout gradient axis (e.g. G z ). A pair of readout gradient 
pulses 352 and 354 are applied just prior to the readout gradient pulse 350 to 
flow compensate the acquired signal as described in U.S. Patent No. 
4,731,583. 

To cancel out phase shifts in the acquired navigator signal 348 due to 
causes other than spin motion along the readout gradient axis, the navigator 
pulse sequence of Fig. 4 is repeated with the polarity of the velocity encoding 
gradient 340 reversed as indicated by dashed lines 356. Two complex 
navigator profiles are obtained after the inverse Fourier transform of these 
two navigator signals acquired at opposite velocity encoding polarities: NAV+ 
and NAV-, The position information is obtained by producing a magnitude 
profile from one or both complex navigator profiles. The velocity information 
is obtained by calculating the phase difference of these two complex 
navigator profiles. 

The velocity of the diaphragm is calculated from the signal phase by 

Velocity = <J>/ y 2M 

where M is the first moment of the velocity encoding gradient 340 and y is the 
gyromagnetic constant. 

The velocity encoded navigator pulse sequence pair NAV+ and NAV- 
is performed during each cardiac cycle to indicate diaphragm location and 
velocity as each segment 322 is acquired. In the preferred embodiment both 
NAV+ and NAV- are acquired immediately prior to each image segment 322 
as indicated in Fig. 5 by dashed line 362. These navigator acquisitions could 
also be made just after each segment acquisition 322 as indicated at 360. 
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Regardless of which navigator pulse sequence is used, the resulting 
diaphragm position and diaphragm velocity information are used in any of a 
number of methods to reduce artifacts in the images reconstructed from the 
acquired image data. Three methods will be described and the choice of 
which method is used depends on the particular clinical application. 

The first method for reducing image artifacts due to the measured 
position and velocity information is to reject image data that are acquired 
during certain conditions. More particularly, a position acceptance window is 
established and if the measured diaphragm position is outside this 
acceptance window, the acquired image data segment 322 is discarded. 
Similarly, a velocity acceptance threshold is established and if the absolute 
value of the measured diaphragm velocity exceeds this threshold, the 
acquired image data segment 322 is discarded. While this method ensures 
that corrupted image data is not used in the image reconstruction, the total 
scan time is increased because the discarded image segments 322 must be 
re-acquired under acceptable diaphragm motion conditions. 

The second method uses the measured position and velocity 
information to retrospectively correct the acquired image data. 

A positional displacement of the heart generates a linear phase error in 
the consecutive image echoes acquired in the R-R interval The echo-to- 
echo phase error, AF, is given by: 

AF= 2 7t*d/slab thickness, 

where d is the displacement of the heart relative to the reference position. 
This phase error can be subtracted from the image data before image 
reconstruction using tine navigator measurement of the positional 
displacement. 
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The velocity of the heart generates a quadratic phase error in the 
consecutive echoes acquired in the R-R interval- This quadratic phase error 
is described in "Respiratory Blur in 3D Coronary MR Imaging", Maan. Reson. 
Med. , 33:541-548 (1995) written by Yi Wang, et al. This quadratic phase 
error can be subtracted from the image data before image reconstruction 
using the navigator measurement of velocity. 

The third method uses the measured diaphragm position and velocity 
information to prospectively correct the acquired image data. Referring to 
Fig. 5, in this embodiment the navigator signals are acquired before the 
image data segments 322 as indicated at 362. The phase corrections 
required to compensate for the positional displacement and velocity motion 
are calculated as described above for the second correction method. This 
phase correction is performed by applying to the NIVIR signal receiver in the 
transceiver module 150 a negated phase error immediately prior to the 
acquisition of the image data segments 322. The phase errors caused by 
respiratory motion are thus corrected in the received NIVIR signal prior to 
image reconstruction. This method is applicable only when the position and 
velocity measurement are both performed prior to the acquisition of image 
data segments 322. 

ft should be apparent that there are many variations possible from the 
preferred embodiments described above without departing from the spirit of 
the invention. For example, more than one correction method may be used 
during a scan. The first method may be used to discard some image data 
which is too corrupted to be corrected, and then method two or method three 
may be used to correct the phase of the acquired data. 
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4. Brief Description of Drawings 

Fig. 1 is a block diagram of an MRi system which employs the present 
invention; 

Fig. 2 is an exemplary 3D NIVIR imaging pulse sequence which may 
be used when practicing the present invention; 

Fig. 3 is a graphic representation of a preferred navigator echo pulse 
sequence used to practice the present invention; 

Fig. 4 is a graphic representation of one method of using the navigator 
pulse sequence of Fig, 3 in combination wit the imaging pulse sequence of 
Fig. 2 to practice the present invention; and 

Fig. 5 is a graphic representation of another method of practicing the 
invention for cardiac imaging. 
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FIG. 5 




1. Abstract 

Navigator signals are acquired during a cardiac gated MRI scan to measure 
the position and velocity components of respiratory motion. Acquired cardiac 
Image views are discarded and/or corrected based on the measurement of 
the positional and velocity components of respiratory motion to reduce motion 
artifacts. In one embodiment the navigator pulse sequence includes velocity 
encoding gradient, and in a second embodiment, velocity is determined by 
measuring the change in diaphragm position between successive navigator 
putse sequences. 

2, Representative Drawing: Figure t 



